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DVVHVVPHQWLVSHUIRUPHGRQVSHFLILFEULGJHVOHVVFRQVHUYDWLYH0RVHV,WLVZHOOUHFRJQLVHGWKDW
VLWHVSHFLILF DVVHVVPHQW EDVHG RQ PHDVXUHG WUDIILF FDQ OHDG WR VLJQLILFDQW FRVW UHGXFWLRQV IRU
PDLQWHQDQFH2&RQQRU	(QHYROGVHQ
0RVWH[LVWLQJGHVLJQDQGDVVHVVPHQWFRGHVDUHEDVHGRQOLPLWHGDPRXQWVRIZHLJKLQPRWLRQ:,0
GDWD FROOHFWHG RQ D OLPLWHG QXPEHU RI VLWHV VHYHUDO \HDUV DJR &KDQJLQJ FRPSRVLWLRQ RI WUDIILF LH
QXPEHUZHLJKWV DQG VL]HV RI WKH YHKLFOHV KDYH LPSOLFDWLRQV IRU EULGJH ORDGLQJ7KHVH WUDIILF FKDQJHV
PXVWEH UHJXODUO\ WDNHQ LQWR DFFRXQWE\ UHFDOLEUDWLQJ WKHFRGHVDQGE\XVLQJ WKLVGDWD LQ VLWHVSHFLILF
EULGJH DVVHVVPHQW ,Q DGGLWLRQ WR QRUPDO OHJDO WUDIILF ZLWK VRPH DOORZDQFH IRU LOOHJDO RYHUORDGLQJ
VSHFLDOKHDY\YHKLFOHVPXVWEHDFFRXQWHGIRU
7KHPDLQFKDOOHQJHRISUHGLFWLQJWKHH[SHFWHGPD[LPXPOLYHORDGHIIHFWVOLHVLQKRZWRH[WUDSRODWHWKH
PHDVXUHG WUDIILF DQG FRQVHTXHQWO\ KRZ WR HVWLPDWH DV DFFXUDWHO\ DV SRVVLEOH WKH SUREDEOH PD[LPXP
EULGJHORDGHIIHFWVEHQGLQJPRPHQWVVKHDUVRYHUDVHOHFWHGOLIHWLPH$FRPPRQDSSURDFKLVWRPHDVXUH
WUDIILFGDWDIRUVRPHZHHNVWRILWDVWDWLVWLFDOGLVWULEXWLRQWRWKHFDOFXODWHGORDGHIIHFWVIRUWKHPHDVXUHG
WUDIILF DQG WRXVH WKHVHGLVWULEXWLRQV WR HVWLPDWHPD[LPXP OLIHWLPH HIIHFWV$ QXPEHURI DXWKRUV KDYH
SURSRVHGPHWKRGVEDVHGHLWKHURQILWWLQJVWDWLVWLFDOGLVWULEXWLRQVRQWKHGDWDVDPSOHVRUXVLQJVLPXODWLRQ
0RQWH&DUOR 0& WRH[WUDSRODWH WKH OLPLWHGDYDLODEOH WUDIILF LQIRUPDWLRQ$VDQH[DPSOH6LYDNXPDU
0RVHVDQG*KRVQDUHILWWLQJDQRUPDOGLVWULEXWLRQWRWKHXSSHURIWKHWUDIILFGDWDGLVWULEXWLRQ
2WKHUVDUHPDLQO\XVLQJYDULDWLRQVRI*XPEHO)UpFKHWRU:HLEXOOGLVWULEXWLRQV$WKRURXJKRYHUYLHZRI
WKH H[LVWLQJPHWKRGVZKLFKPRVWO\ UHTXLUH D FRQVLGHUDEOH GHJUHH RI VXEMHFWLYH MXGJHPHQW LV JLYHQ LQ
$5&+(6
7RIXUWKHULQYHVWLJDWHWKLVLVVXHWKHUHFHQW(XURSHDQ&RPPLVVLRQ)3SURMHFW$5&+(6$VVHVVPHQW
DQG5HKDELOLWDWLRQRI&HQWUDO(XURSHDQ+LJKZD\6WUXFWXUHVKDVSURSRVHGWZRPHWKRGVIRUSUHGLFWLQJWKH
PD[LPXP H[SHFWHG ORDG HIIHFWV RQ EULGJHV 3ULPDULO\ D GHWDLOHG 0& PRGHO ZDV EXLOW DW 8QLYHUVLW\
&ROOHJHLQ'XEOLQ8&'ZLWKRXWDQ\UHVWULFWLYHDVVXPSWLRQVDQGZDVFDOLEUDWHGDJDLQVWRYHUDPLOOLRQ
WUXFNVIURP:,0VLWHVLQWZR(XURSHDQFRXQWULHV(QULJKW2%ULHQ	'HPSVH\7KHPRGHOZDV
GHVLJQHG WR H[WUDSRODWH QRW RQO\ YHKLFOH ZHLJKWV EXW DOVR W\SHV D[OH FRQILJXUDWLRQV DQG ZKLOH WKLV
H[WUDSRODWLRQ LV DOVR EDVHG RQ DVVXPSWLRQV WKDW LQIOXHQFH WKH UHVXOWV LW LV FRQVLGHUHG WR JLYH D PRUH
UHDOLVWLF HVWLPDWHRI OLIHWLPH ORDGLQJ WKDQ WKH H[LVWLQJPHWKRGV7KHGRZQVLGHRI WKLVPHWKRG LV WKDW LW
UHTXLUHV FRPSUHKHQVLYH H[SHUW NQRZOHGJH DERXW EULGJH WUDIILF PRGHOOLQJ DQG FRQVLGHUDEOH FRPSXWHU
SRZHU
$OWHUQDWLYHO\ D VWUDLJKWIRUZDUGPHWKRG WRPRGHOOLQJ WKH H[SHFWHGPD[LPXP WUDIILF ORDG HIIHFWV KDV
EHHQSURSRVHGWKDWDSSOLHVVLPSOH\HW IDVWSURFHVVLQJRIWKHPHDVXUHG:,0GDWD7KLVSDSHUGHVFULEHV
WKHEDVLF DVVXPSWLRQV DQG WKH FRPSXWDWLRQDO SURFHGXUHRI WKHSURSRVHG DSSURDFK DQGGHPRQVWUDWHV LWV
HIILFLHQF\XVLQJDWHVWGDWDVDPSOHIURP6ORYHQLDWKDWZDVXVHGLQWKH$5&+(6DQDO\VLV5HVXOWVRIWKH
SURSRVHG DSSURDFK DUH FRPSDUHG ZLWK WKH UHVXOWV REWDLQHG ZLWK WKH PHWKRG GHVFULEHG LQ WKH 1&+53
UHSRUW6LYDNXPDU*KRVQ	0RVHVDQGZLWKWKH8&'VLPXODWLRQSURFHGXUH
3URSRVHGDSSURDFKWRPRGHOOLQJPD[LPXPWUDIILFORDGHIIHFWV
3URSRVHGDSSURDFKUHSUHVHQWVDVLPSOLILHGSURFHGXUHWRPRGHOOLQJWKHH[SHFWHGPD[LPXPWUDIILFORDG
HIIHFWV ,W LV EDVHGRQ FRQYROXWLRQPHWKRG  6LYDNXPDU*KRVQ	0RVHV  äQLGDULþ	0RVHV
DQGDVVXPHVWKDWWKHKLJKHVWORDGHIIHFWVLVDFKLHYHGZKHQWZRYHKLFOHVIURPLQGHSHQGHQWWUDIILF
IORZV LQHDFK WUDIILFODQHDUHSODFHGVLGHE\VLGHRQDEULGJHDW WKHSODFHRIPD[LPXPDFWLRQZKLFKLV
GHILQHG DV D ORDGLQJ HYHQW6XFK DSSURDFK FDQEH MXVWLILHGRQPDMRULW\RI EULGJHVZLWK LQIOXHQFH OLQHV
VKRUWHU WKHQDSSUR[LPDWHO\P RUHYHQPRUHRQQRQVLPSO\ VXSSRUWHG VWUXFWXUHVZKHUHGXH WR WKH
W\SLFDO OHQJWKRIKHDY\YHKLFOHV WKHFULWLFDOHYHQWKDSSHQVGXHWRRQHYHKLFOHLQHDFKRIWKHWZR ODQHV
7KH VRXUFHV RI WUDIILF ORDGLQJ LQIRUPDWLRQ DUH WKH ZHLJKLQPRWLRQ :,0 PHDVXUHPHQWV ZKLFK DUH
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FRPELQHG ZLWK WKH UHOHYDQW EULGJH LQIOXHQFH OLQHV 7KH UHVXOWV DUH SUHVHQWHG LQ WHUPV RI WKH H[SHFWHG
PD[LPXPPRPHQWVDQGVKHDUIRUFHVRIWKHFULWLFDOSDUWRIWKHEULGJHIRUDVSHFLILHGWLPHSHULRG
7KH SURSRVHG DSSURDFK LV EDVHG RQ WKH RQH SURSRVHG E\ 0RVHV 	 9HUPD  7KH PDLQ
DGYDQFHPHQWLVWKDWWKHRULJLQDOLQGLUHFWFDOFXODWLRQRIFKDUDFWHULVWLFORDGHIIHFWVWKURXJKWKHFRQYROXWHG
WUDIILF ORDGV LV UHSODFHG E\ FDOFXODWLQJ ILUVW WKH GLVWULEXWLRQV RI ORDG HIIHFWV DQG SHUIRUPLQJ WKH
FRQYROXWLRQPHWKRGVDIWHUZDUGV$5&+(67KLV UHGXFHVQXPEHURIDVVXPSWLRQVDQGVXEMHFWLYH
MXGJHPHQWVQHHGHGZLWK WKHRULJLQDOPHWKRG7KHUHFHQW1+&53UHSRUW 6LYDNXPDU*KRVQ	0RVHV
LVGHVFULELQJDVLPLODUDSSURDFK
7KHFRPSXWDWLRQDOSURFHGXUHRIWKHSURSRVHGDSSURDFKLVGLYLGHGLQWRWKHIROORZLQJILYHVWHSV
&ROOHFWLRQRIZHLJKLQPRWLRQGDWD
&DOFXODWLRQRIORDGHIIHFWVXVLQJLQIOXHQFHOLQHVDQGJHQHUDWLRQRIKLVWRJUDPV
 3HUIRUPLQJFRQYROXWLRQRIORDGHIIHFWKLVWRJUDPV
(YDOXDWLRQRIQXPEHURIH[SHFWHGPXOWLSOHSUHVHQFHHYHQWVRQWKHFULWLFDOVHFWLRQRIWKHEULGJH
'HWHUPLQDWLRQRIFRQYROXWLRQFXUYHVDQGIURPWKHUHWKHPD[LPXPORDGHIIHFWV
&ROOHFWLRQRIZHLJKLQPRWLRQGDWD
:HLJKLQPRWLRQ :,0 LV D SURFHGXUH WKDW PHDVXUHV D[OH ZHLJKWV DQG JURVV YHKLFOH ZHLJKWV DV
YHKLFOHVGULYHRYHUDPHDVXUHPHQWVLWH8QOLNHWKHVWDWLFZHLJKVWDWLRQVWKH:,0V\VWHPVDUHFDSDEOHRI
PHDVXULQJ WUDIILF DW QRUPDO VSHHGV DQGGRQRW UHTXLUH WKHYHKLFOHV WR VWRSRUGULYH DW ORZ VSHHG6XFK
G\QDPLFZHLJKLQJLVPXFKPRUHHIILFLHQWDQGOHVVELDVHGWKHVWDWLFZHLJKLQJ'HVSLWHORZHUDFFXUDF\RI
LQGLYLGXDO ZHLJKLQJ UHVXOWV LW SURYLGHV HVVHQWLDO LQSXWV IRU D QXPEHU RI DSSOLFDWLRQV WKDW UHTXLUH
LQIRUPDWLRQ DERXW WUDIILF ORDGLQJ WUDIILF DQDO\VHV SDYHPHQW DQG EULGJH GHVLJQ DQG DVVHVVPHQW SUH
VHOHFWLRQ IRUHQIRUFHPHQWRI RYHUORDGHGYHKLFOHV HWF0RVW:,0V\VWHPV WRGD\DSSO\ VHQVRUV WKDWDUH
EXLOW LQWR WKH SDYHPHQW ([FHSWLRQV DUH WKH EULGJH:,0 V\VWHPV ZKLFK XVH LQVWUXPHQWHG EULGJHV WR
ZHLJKYHKLFOHV LQPRWLRQ7KHLUPDLQ DGYDQWDJHRYHU WKH SDYHPHQW:,0V\VWHP LV WKDW WKH\ DUH IXOO\
SRUWDEOH DQG GR QRW LQWHUIHUH ZLWK WKH WUDIILF GXULQJ LQVWDOODWLRQ DQG PDLQWHQDQFH ZKLFK LV D NH\
DGYDQWDJHRQKHDYLO\WUDIILFNHGURDGVäQLGDULþ/DYULþ	.DOLQ
5HJDUGOHVV RI WKH WHFKQRORJ\ XVHG LW LV LPSHUDWLYH WKDW:,0 GDWD XVHG IRU EULGJH ORDG PRGHOOLQJ
SURYLGHVQRWRQO\D[OHFRQILJXUDWLRQVDQGORDGVRIHDFKYHKLFOHEXWDOVRWKHLUWLPHVWDPSVDWRQHKXQGUHG
RIDVHFRQGWRDOORZDFFXUDWHPRGHOOLQJRIWKHH[WUHPHORDGLQJHYHQWV
&DOFXODWLRQRIORDGHIIHFWV
7UDIILF ORDGV RI LQGLYLGXDO YHKLFOHV IURP WKH GDWD VDPSOH DUH FRQYHUWHG LQWR WUDIILF ORDG HIIHFWV
EHQGLQJ DQG KRJJLQJ PRPHQWV VKHDU E\ XVLQJ WKH LQIOXHQFH OLQHV 7KHRUHWLFDO LQIOXHQFH OLQHV RI D
VLPSOHVXSSRUWHGEULGJHIRUEHQGLQJPRPHQWDWWKHPLGGOHRIWKHVSDQDQGIRUVKHDUIRUFHDWWKHVXSSRUW
DUHSUHVHQWHGLQ)LJ6XFKLQIOXHQFHOLQHVIRUDPVLPSO\VXSSRUWHGVSDQZHUHXVHGLQWKHDQDO\VLV
SUHVHQWHGLQWKLVSDSHU7KHSUHGLFWHGVWDWLFORDGHIIHFW46PRPHQWRUIRUFHLVGHWHUPLQHGDV
ܳܵ ൌ σ ܣ݅Ǥ ݅ܫ݊݅ൌͳ    
ZKHUH
$L LVZHLJKWRID[OHL
Q LVQXPEHURID[OHVRILQGLYLGXDOYHKLFOH
,L LVYDOXHRIWKHLQIOXHQFHOLQHGXHWRWKHD[OHLDWORFDWLRQ[
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
)LJ7KHRUHWLFDOLQIOXHQFHOLQHRIDVLPSOHVXSSRUWHGEULGJHIRUWKHEHQGLQJPRPHQWDWWKHPLGGOHRIWKHVSDQD
DQGVKHDUIRUFHDWVXSSRUWE
7KH46YDOXHVRIDOOYHKLFOHVDUHFRPELQHGLQWRKLVWRJUDPVRIVWDWLF ORDGHIIHFWVVHSDUDWHO\IRUHDFK
WUDIILF ODQH ,QWHUYDOV ELQV RQ WKH ;D[LV PXVW EH VPDOO HQRXJK WR SURYLGH JRRG UHVROXWLRQ RI WKH
KLVWRJUDPV WKDW GLVSOD\ WKH UHODWLYH IUHTXHQFLHV RI ORDG HIIHFWV )LJ  DQG)LJ   WR  LQWHUYDOV
W\SLFDOO\SURYLGH VXIILFLHQWTXDOLW\RI KLVWRJUDPV IRU IXUWKHUFDOFXODWLRQ7RDOORZ IRUPRGHOOLQJRI WKH
WDLOVRIWKHGLVWULEXWLRQVWKHDEVFLVVDPXVWFRYHUYDOXHVWKDWH[FHHGWKHPD[LPXPFDOFXODWHGORDGHIIHFWV
IRUDWOHDVW

)LJ5HODWLYHIUHTXHQF\KLVWRJUDPVRIEHQGLQJPRPHQWVIRUHDFKODQH
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
)LJ5HODWLYHIUHTXHQF\KLVWRJUDPVRIVKHDUIRUFHVIRUHDFKODQH
$V LW FDQ EH VHHQ IURP )LJ  WKH YDOXHV RI WKH H[WUHPH ORDG HYHQWV DUH VFDUFH HVSHFLDOO\ LQ WKH
RYHUWDNLQJODQH7KLVLPSHGHVPRGHOOLQJRIWKHWDLODQGOHDGVWRDYDULHW\RISRVVLEOHUHVXOWVGHSHQGLQJ
RQ WKHPHWKRGDQGSDUDPHWHUVXVHG$5&+(6 ,QRUGHU WRVPRRWK WKHGLVWULEXWLRQFXUYHDQG WR
H[WHQG LW EH\RQG WKHPHDVXUHGYDOXHV DPRGLILHG ³PRYLQJ DYHUDJH´ DSSUR[LPDWLRQRI KLVWRJUDPVZDV
DSSOLHG&RQWUDU\ WR WKHGHILQLWLRQRI WKHPRYLQJDYHUDJHZKLFKFRQVLGHUVGDWD IROORZLQJ WKHDYHUDJHG
GDWD YDOXH WKLV DSSUR[LPDWLRQ DYHUDJHV WKH VHOHFWHG QXPEHU RI YDOXHV EHIRUH DQG DIWHU WKH DYHUDJHG
YDOXH,Q)LJDQG)LJWKHVHDSSUR[LPDWHGKLVWRJUDPVDUHSUHVHQWHGZLWKWKHWKLFNFRQWLQXRXVOLQHV
1XPEHURISRLQWVWRDYHUDJHGHSHQGVRQVXEMHFWLYHMXGJHPHQWDQGDFFRXQWVIRUQXPEHURIYHKLFOHVLQ
WKHSRSXODWLRQDQGWKHGHJUHHRIRYHUORDGLQJ0RUHUHOLDEOHWKHWUDIILFLQIRUPDWLRQIHZHUGDWDSRLQWVQHHG
WREHDYHUDJHG,QWKHFRQFUHWHH[DPSOHUHVXOWVZLWKSRLQWVDUHSUHVHQWHG&DOFXODWLRQVZLWKXSWR
SRLQWVZHUHDOVRPDGHEXWWKH\UHVXOWHGLQFRQVLGHUDEO\PRUHFRQVHUYDWLYHUHVXOWVWKDQWKHRWKHUPHWKRGV
WKH\ZHUHFRPSDUHGZLWK
&RQYROXWLQJWKHORDGHIIHFWKLVWRJUDPV
,Q WKH QH[W VWDJH WKH DSSUR[LPDWHG KLVWRJUDPV RI ORDG HIIHFWV DUH FRQYROXWHG WR GHWHUPLQH WKH
SUREDELOLW\ PDVV IXQFWLRQ DQG WKH FRUUHVSRQGLQJ FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ GHQRWHG DV
³FRQYROXWLRQFXUYH´LQWKLVSDSHUIRUDQHYHQWFRPSRVHGRIYHKLFOHVIURPERWKODQHV$VVXPLQJWKDWWKH
GLVWULEXWLRQVRI WKH ORDGHIIHFWV IRU ODQHVDQGDUH LQGHSHQGHQW WKHSUREDELOLW\PDVV IXQFWLRQ IRUDQ
HYHQWLVH[SUHVVHGDV
݂ܼ ሺݖሻ ൌ σ ݂ܺ ሺ݇ሻ ή ݂ܻ ሺݖ െ ݇ሻ݉݇ൌͳ    
ZKHUH I;DQG I<DUH WKH30)±SUREDELOLW\PDVVIXQFWLRQVDSSUR[LPDWHGKLVWRJUDPVRI ORDGHIIHFWV
IRUODQHDQGODQHDQGI=LVWKH30)RIWKHORDGHIIHFWVIRUDQHYHQWFRPSULVLQJRQHYHKLFOHIURPODQHV
DQG)LJ;DQG<DUHDVVXPHGWREHLQGHSHQGHQWLHWUDIILFLQODQHGRHVQRWDIIHFWWUDIILFLQODQH
&RQVHTXHQWO\=LVHTXDOWR;<,II;DQGI<LQFOXGHPELQVWKHQWKHOHQJWKRII=FRQVLVWVRIP
ELQV
,QWKHQH[WVWHSIURPWKHSUREDELOLW\PDVVIXQFWLRQRIDQHYHQWI=WKHFXPXODWLYHSUREDELOLW\GHQVLW\
IXQFWLRQSUREDELOLW\FXUYH)=])LJLVFDOFXODWHG
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
)LJ3UREDELOLW\PDVVIXQFWLRQVIRUDQHYHQWEHQGLQJPRPHQWV±OHIWVKHDUIRUFH±ULJKWIRUUDZ:,0GDWDDQG
IRUWKHSURSRVHGDSSUR[LPDWHGORDGHIIHFWKLVWRJUDPV
&RQYROXWLRQFXUYHVDQGPD[LPXPORDGHIIHFWV
7R GHWHUPLQH WKH FRQYROXWLRQ FXUYHV )PD[ IRU GLIIHUHQW WLPH SHULRG ] WKH H[WUHPH YDOXH WKHRU\ LV
DSSOLHG$QJ	7DQJ
݉ܨ ܽݔ ሺݖሻ ൌ ܼܨ ܰሺݖሻ  
ZKHUH1LVQXPEHURIPXOWLSOHSUHVHQFHHYHQWVLHZKHQYHKLFOHVIURPERWKODQHVPHHWRQWKHFULWLFDO
VHFWLRQRIWKHEULGJH(YDOXDWLRQRI1LVGHVFULEHGLQVHFWLRQ)LJVKRZVWKHFRQYROXWLRQFXUYHVIRU
GLIIHUHQWWLPHSHULRGVIRUEHQGLQJPRPHQWVOHIWDQGVKHDUIRUFHVULJKW2QO\UHVXOWVREWDLQHGIURPWKH
SURSRVHGDSSUR[LPDWHGKLVWRJUDPVDUHVKRZQ

)LJ&RQYROXWLRQFXUYHVIRUGLIIHUHQWWLPHSHULRGIRUEHQGLQJPRPHQWVDQGVKHDUIRUFH
7KHPD[LPXPORDGHIIHFWVDUHGHILQHGDVWKHPHGLDQYDOXHVRIWKHIXQFWLRQ)PD['HWHUPLQDWLRQRIWKH
PHGLDQYDOXHRIEHQGLQJPRPHQWVDQGVKHDUIRUFHVIRUGLIIHUHQWWLPHSHULRGLVGHPRQVWUDWHGLQ)LJ
$VVXPLQJWKHQRUPDOGLVWULEXWLRQRI)=WKHVWDQGDUGGHYLDWLRQLVDSSUR[LPDWHGDV
ߪܼ ൌ
ܼ݉ܽݔͺͶΨ െ ܼ݉ܽݔͳ͸Ψ
ʹ   
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7KHWRWDOSUHGLFWHGPD[LPXPORDGHIIHFWV4WKDWDUHXVHGLQWKHSURFHVVRIVWUXFWXUDODVVHVVPHQWDUH
GHILQHGXVLQJWKHHTXDWLRQ
ܳ ൌ ܳܵǤ ܦܣܨǤ ݃   
ZKHUH
'$) LV WKH G\QDPLF DPSOLILFDWLRQ IDFWRU RU FRHIILFLHQW RI ORDG LPSDFW UHSUHVHQWLQJ WKH G\QDPLF
DPSOLILFDWLRQRIWKHWUDIILFORDGLQJ
 LVWKHJLUGHUGLVWULEXWLRQIDFWRUDFFRXQWLQJIRUSURSRUWLRQRIWKHWRWDOWUDIILFORDGHIIHFWVWKDWDUH
FDUULHGRXWE\DFULWLFDOFURVVVHFWLRQXQGHULQYHVWLJDWLRQ
3URSHU VHOHFWLRQ RI'$) DQG J DIIHFWV QRWDEO\ WKH ILQDO WUDIILF ORDGLQJ UHVXOWV äQLGDULþ 	 /DYULþ
EXWWKLVH[FHHGVWKHVFRSHRIWKLVSDSHU
1XPEHURIH[SHFWHGHYHQWV1
1XPEHURIH[SHFWHGFRQYROXWHGHYHQWV1JRYHUQVKRZWKHPD[LPXPWUDIILFORDGLQJRQWKHEULGJHZLOO
LQFUHDVHRYHUWLPH0RUHPXOWLSOHSUHVHQFHHYHQWVKHDY\YHKLFOHVPHHWLQJRFFXURQWKHEULGJHKLJKHU
ZLOOEHWKHIRUHFDVWHGORDGHIIHFWLQDVSHFLILHGWLPHSHULRG7KHUHDUHWZRDSSURDFKHVWRFDOFXODWH1
x E\JHQHUDWLQJKHDGZD\KLVWRJUDPV 0RVHV	9HUPDZKLFK LQD IRUPRIKLVWRJUDPVSURYLGH
LQIRUPDWLRQ DERXW WKH JDSV EHWZHHQ WKH YHKLFOHV WKLV LQIRUPDWLRQ LV XVHG WR HVWLPDWH KRZ PDQ\
PXOWLSOHSUHVHQFHHYHQWVRFFXULQDVSHFLILFWLPHLQWHUYDO
x LIWKHWLPHVWDPSVRIWKHYHKLFOHVLQWKH:,0GDWDEDVHLVSURYLGHGWRDWOHDVWRIDVHFRQG1IRU
GLIIHUHQWWLPHSHULRGVFDQEHFDOFXODWHGGLUHFWO\IURPWKH:,0GDWDVDPSOH
7KH ODWHVW EULGJH:,0 V\VWHP XVHG WR SURYLGH GDWD IRU WKLV DQDO\VLV FDOFXODWHV QXPEHU RIPHHWLQJ
HYHQWVEDVHGRQWKHDVVXPSWLRQVWKDWDPXOWLSOHSUHVHQFHHYHQWRFFXUVZKHQWKHFHQWUHVRIJUDYLW\*DQG
*RIWZRFRQVHFXWLYHYHKLFOHVIROORZLQJHDFKRWKHURULQDGMDFHQWODQHVOLHZLWKLQ),/)LJZKHUH
), LV WKH IDFWRURI WKH LQIOXHQFH OLQHDQG/ LV LWV OHQJWK$5&+(6),GHILQHVSDUWRI WKHEULGJH
VSDQV ZKHUH WKH DUHD XQGHU WKH LQIOXHQFH OLQH PRPHQWV RU VKHDU H[FHHGV  RI LWV WRWDO DUHD )RU
VLQJOHVSDQEULGJHVWKHYDOXHRI),LVGHSHQGLQJRQWKHERXQGDU\FRQGLWLRQVEHWZHHQDQG
7KHUHIRUH WKHFULWLFDO LQWHUYHKLFXODUGLVWDQFH LVFDOFXODWHG IURP WKHPHDVXUHG WLPHVWDPSV OHQJWKV
YHORFLWLHV DQG FHQWUHV RI JUDYLW\ RI WKH YHKLFOHV 7KURXJK WKH YHORFLWLHV DQG YHKLFOHV¶ WLPH VWDPSV WKH
VKDSHRI WKH LQIOXHQFH OLQH LV WUDQVIRUPHG LQWR WKHVSDFHGRPDLQDQGUHODWHG WR),/7KHEULGJH:,0
V\VWHP XVHG FDOFXODWHV 1 GLUHFWO\ IURP WKH PHDVXUHG:,0 GDWDEDVH E\ FKHFNLQJ LQGLYLGXDO SDLUV RI
YHKLFOHVZHDWKHUWKH\PHHWZLWKLQWKHFULWLFDOVHFWLRQRIWKHEULGJHRUQRW

)LJ'HWHUPLQDWLRQRI),DVDIXQFWLRQRIWKHVKDSHRIWKHLQIOXHQFHOLQH±H[DPSOHIRUDVLQJOHVSDQEULGJH
*
*
),/ 
,/
*
*
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$QDO\VLVRIWKHUHVXOWV
&RPSDULVRQRIWKHUHVXOWVREWDLQHGE\SURSRVHGPHWKRGZLWKWKHUHVXOWVRIPRUHDGYDQFHGVLPXODWLRQ
PHWKRGZDVFRPSDUHGZLWKUHVXOWV
x XVLQJUDZ:,0GDWDLHZLWKPHDVXUHGGDWDZLWKRXWPRGHOOLQJRIWKHWDLO
x DSSO\LQJ WKH QRUPDO GLVWULEXWLRQ WR PRGHO WKH WDLO XSSHU  RI WKH GDWD DV UHFRPPHQGHG E\
6LYDNXPDU*KRVQDQG0RVHV1&+53DQG
x RIGHWDLOHGVLPXODWLRQ(QULJKW2%ULHQ	'HPSVH\
7KHVDPHVDPSOHRI:,0GDWDPHDVXUHGRQDPRWRUZD\LQ6ORYHQLDZDVDSSOLHGLQDOOWKUHHFDVHVRQDPORQJEULGJHZLWKD
VLPSO\VXSSRUWHGLQIOXHQFHOLQH&RQYROXWLRQFXUYHVLQ)LJFRPSDUHUHVXOWVRIWKHSURSRVHGPHWKRGZLWKWKHUDZ:,0GDWDDQG
WKH1&+53PHWKRG:KLOHWKHUHDUHVRPHGLIIHUHQFHVLQPHGLDQYDOXHVIRUVKRUWHUWLPHSHULRGVWKHVHDUHQDUURZHGGRZQWR
IRUEHQGLQJPRPHQWV7DEOHDQGIRUVKHDUIRUFHV
7DEOH
,QDGGLWLRQERWKWDEOHVDQG)LJFRPSDUHUHVXOWVREWDLQHGZLWKWKHWKUHHSURFHGXUHVZLWKUHVXOWVRI
WKHIXOOVLPXODWLRQPHWKRGGHYHORSHGE\8&'LQWKH$5&+(6SURMHFW:KLOHWKHEHQGLQJPRPHQWVDUH
YHU\FORVHWRHDFKRWKHUWKH8&'YDOXHVDUHKLJKHUEXWWKLVPHWKRGVLPXODWHVKRZKHDY\YHKLFOHV
PD\ LQFUHDVH LQ WKH IXWXUH WKH YDOXHV IRU VKHDU DUH PRUH FRQVHUYDWLYH DV WKH PRUH H[DFW VLPXODWLRQ
PHWKRGSUHGLFWVORZHUYDOXHV

)LJ&RQYROXWLRQFXUYHVIRUGLIIHUHQWWLPHSHULRGVIRUEHQGLQJPRPHQWVDQGVKHDUIRUFHVREWDLQHGE\GLIIHUHQW
SURFHGXUHV
7DEOH&RPSDULVRQRIWKHUHVXOWV±EHQGLQJPRPHQWV
7LPH
SHULRG
0HGLDQ 8&'
VLPX
ODWLRQ
6WDQGDUGGHYLDWLRQ 3URSRVHG
YV
1&+53
3URSRVHG
YV8&':,0GDWD 3URSRVHG 1&+53 :,0GDWD 3URSRVHG 1&+53
PRQWK         
\HDU         
\HDUV         
\HDUV         
\HDUV         

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7DEOH&RPSDULVRQRIWKHUHVXOWV±VKHDUIRUFHV
7LPH
SHULRG
0HGLDQ 8&'
VLPX
ODWLRQ
6WDQGDUGGHYLDWLRQ 3URSRVHG
YV
1&+53
3URSRVHG
YV8&':,0GDWD 3URSRVHG 1&+53 :,0GDWD 3URSRVHG 1&+53
PRQWK         
\HDU         
\HDUV         
\HDUV         
\HDUV         


)LJ0HGLDQEHQGLQJPRPHQWVDQGVKHDUIRUFHVIRUGLIIHUHQWWLPHSHULRGVREWDLQHGE\GLIIHUHQWSURFHGXUHV

&RQFOXVLRQ
.QRZLQJ UHDOLVWLF WUDIILF ORDGLQJ LVHVVHQWLDO LQSXW IRUHIILFLHQWEULGJHPDQDJHPHQW WKDW LVEDVHGQRW
RQO\RQFRQGLWLRQEXWDOVRRQVWUXFWXUDOVDIHW\RIEULGJHV7RXVHLWLQEULGJHDVVHVVPHQWUHTXLUHVUHOLDEOH
WUDIILFGDWDDQGSURFHGXUHVWKDWFRVWHIILFLHQWO\DQGZLWKDKLJKGHJUHHRIDFFXUDF\FRQYHUWORDGLQJGDWD
D[OHORDGVLQWRORDGHIIHFWVIRUFHVDQGPRPHQWV
%ULGJHZHLJKLQPRWLRQV\VWHPVKDYHLQUHFHQW\HDUVSURYHQWKHPVHOYHVQRWRQO\DVZHLJKLQJGHYLFHV
EXW DOVR DV PRQLWRULQJ GHYLFHV SURYLGLQJ LQIRUPDWLRQ DERXW WUXH EULGJH EHKDYLRXU ,Q RUGHU WR DSSO\
GLUHFWO\WKHZHLJKLQJGDWDLQVWUXFWXUDODQDO\VLVSUHGLFWLRQRIPD[LPXPWUDIILFORDGHIIHFWVRQEULGJHVD
SURFHGXUHZDVGHYHORSHGWKDWXVHVVLPSOHVWDWLVWLFDOPHWKRGVWRPRGHOWKHWDLORIORDGHIIHFWGLVWULEXWLRQV
DQGWKHQWKHWUDGLWLRQDOH[WUHPHYDOXHWKHRU\DSSURDFKWRH[WUDSRODWHLQIRUPDWLRQWRORQJHUWLPHSHULRGV
,WVPDLQDGYDQWDJHVDUHWKDWLVFRPSXWDWLRQDOO\IDVWDQGWKDWLVLPSOHPHQWHGLQDEULGJH:,0V\VWHPWKDW
FDQGLUHFWO\HPSOR\LWRQWKHPHDVXUHGGDWD,WVGLVDGYDQWDJHLVWKDWLWLVDSSOLFDEOHWRVKRUWWRPHGLXP
VSDQEULGJHVRQO\ZKHUHDFULWLFDOHYHQW LVGHILQHGDVDPHHWLQJRI WZRYHKLFOHVRQ WKHEULGJH7KLV LV
PLWLJDWHGE\WKHIDFWWKDWVXFKEULGJHVLQPRVWFRXQWULHVW\SLFDOO\FRPSULVHRYHURIDOOEULGJHV
&RPSDULVRQVZLWKVRPHRWKHUH[LVWLQJPHWKRGVVKRZWKDWWKHUHVXOWVRIWKHSURSRVHGPHWKRGDUHYHU\
FORVHWRWKRVHSUHGLFWHGE\WKHPHWKRGRI6LYDNXPDU*KRVQ	0RVHV2QDFRQFUHWHGDWDVDPSOH
XVHGIRUWKLVSDSHUWKHUHVXOWVIRUEHQGLQJPRPHQWVZHUHDOVRZLWKLQWRWKHUHVXOWVREWDLQHGZLWKYHU\
DGYDQFHGVLPXODWLRQSURFHGXUH (QULJKW2%ULHQ	'HPSVH\ WKDWSUHGLFWVSRWHQWLDO LQFUHDVHRI
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SK\VLFDO JURZWK RI KHDY\ YHKLFOHV 7KH UHVXOWV IRU VKHDUZHUH RQ WKH FRQVHUYDWLYH VLGH IRU 7KHVH
UHVXOWVDUHZHOOZLWKLQWKHH[SHFWHGHUURULQWHUYDORI:,0PHDVXUHPHQWVSDUWLFXODUO\IRUWKHPRUHFULWLFDO
EHQGLQJPRPHQWVZKLFKGRHVFRQILUPWKHSRWHQWLDORIWKHSURSRVHGPHWKRG
$FNQRZOHGJPHQWV
7KH DXWKRUV ZLVK WR H[SUHVV WKHLU JUDWLWXGH WR WKH ILQDQFLDO VXSSRUW RI WKH (XURSHDQ &RPPLVVLRQ
WRZDUGVWKH$5&+(6WKIUDPHZRUNSURMHFW7KH\DOVRZLVKWRWKDQNWKHYDOXDEOHFRQWULEXWLRQRIWKRVH
LQYROYHGLQWKHFROOHFWLRQDQGHYDOXDWLRQRIGDWDDQDO\VLVDQGGLVFXVVLRQVKHOGGXULQJWKHSURMHFW

%LEOLRJUDSK\
$QJ$+	7DQJ:+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